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© Process for preparing polyoleflns with broad molecular-weight distribution. 

E A ^Tl\ PreParin9 PO,y0,efinS h3Vin9 8 br0ad mo,ec ^weight distribution with high stereoregularity 
and crystallinrty. The process is. adapted to polymerize olefins in the presence of a high acLy catalSt Tne 
process does not employ such a multi-stage polymerization method as employed in the prior 
organic sjcon compounds as in the prior art but uses only one selected from org^^Z^^l 
St'l^Tm^ SKC6H11)2(0R)2 *"» is a ■***■*> ~ «■ R is an 3S 
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BACKGROUND OF THE INVENTION 
Field Of The Invention 



This invention relates to a process for preparing polyolefins. and more particularly to a process for 
prapanng polyolefins with a broad molecular-weight distribution and excellent stereoregularity at high yields. 

Background Of The Invention 



10 



15 



30 



45 



50 



55 



A number of proposals have been made for the polymerization or copolymerization of olefins in the 
presence of a polymenang catafyst comprising a solid catalyst component primarily consisting of titanium 
hal.des, a magnesium compound and an electron donor compound; an organic aluminum compound- a 

S^Snf FOf Example ' JapaneS6 Patent Application ^P" Publication No. 

30 0/1988 (63-3010) assigned to the same assignee as the present application proposes an olefin 
polymerization catalyst which comprises a solid catalyst component (A) prepared by contacting dialkoxy 
magnesum, a diester of an aromatic dicarboxylic acid, an aromatic hydrocarbon and titanium halides with 
one another to obtain a product and subsequent^ subjecting the product to a heating treatment in the 
powdered state; an organic aluminum compound (B); and an organic silicon compound (C). The Japanese 
patent provides examples directed to a process for polymerizing olefins in the presence of the catalyst 
w Japanese Patent Application Laid-Open Publication No. 154705/1988 (63-154705) proposes an olefin 
polymenzaton catalyst which comprises a solid catalyst component (A), an organic aluminum compound 
(B) and a silicon compound (C) and provides examples directed to a process for polymerizing olefins in the 
presence of the catalyst The catalyst component (A) for use in the catalyst is prepared by adding titanium 
tetrachlonde to a mixed solution containing a magnesium compound obtained by reacting a magnesium 
is powder with alkylmonohalktes in the presence of iodine, tetraalkoxy titanium, aliphatic hydrocarbon and 
aliphatic alcohol to precipitate a solid substance and adding a diester of phthalic acid thereto to obtain a 
solid product. The solid product is then brought into contact with titanium tetrachloride in the presence of 
aromatic hydrocarbon. 

Japanese Patent Application Laid-Open Publication No. 315406/1989 (1-315406) proposes an olefin 
polymenzation catalyst which comprises a solid catalyst component (A) prepared by forming a suspension 
of dietiioxy magnesium and alkyl benzene, contacting the suspension with titanium tetrachloride and adding 
phthalic acid diester thereto to obtain a solid product which is recovered and washed with alkyl benzene 
Subsequently the solid product is brought into contact with titanium tetrachloride in ihe presence of alkyl 
benzene, an organic aluminum compound, and an organic silicon compound to prepare the catalyst The 
tlJcSysr 6 " 1 *° diSCl08e8 0XamPleS direCted * 8 Pr0Ce8S <0r P 01 ^ 2 ^ olefins in the presence of 
The foregoing catalysts exhibit a degree of activity sufficient to permit elimination the deashing which 
removes catalyst residues such as chlorine, titanium and the like remaining in a polymer produced, as well 
Z, V t* ^"regular Polymer and increase the activity of the catalyst during polymeriza- 
tion. WMe these catalysts have provided the foregoing benefits, the polyolefins obtained using these 
catalysts compnsmg the highly active catalyst component, organic aluminum compound and silicon • 
compound have a narrow molecular-weight distribution as compared with polyolefins prepared by using the 
conventional olefin polymerizing catalyst which comprises the titanium trichloride based catalyst compo- 
nent, an organic aluminum compound and an electron donor compound which is added as required The 
narrowed molecular-weight distribution causes the formability or moldability of the polyolefin to deteriorate 
resulting in some restrictions on the polyolefin's applications. 

Various approaches have been tried to improve the molecular weight distribution including the multi- 
stage polymenzation process which provides polyolefins of increased molecular-weight distribution How- 
ever, the multi-stage polymerization requires a complicated polymerization operation repeatedly and 
requ.res a troublesome treatment for recovering the chelating agent used during the polymerization, which 
increases the cost of the polymerization process. 

In view of the above. Japanese Patent Application Laid Open Publication No. 7703/1991 (3-7703) 
proposed a process for polymerizing olefins in the presence of an olefin polymerizing catalyst comprisinq a 
solid titanium catalyst component consisting essentially of magnesium, titanium, halogen and an electron 
donor; an organic aluminum compound; and two types of organic silicon compounds serving as the electron 
donor. The Japanese patent states that the proposed polymerization process eliminates the need for the 
troublesome multi-stage polymerization process as described above and provides polyolefins of a 
molecular-weight increased to an intended degree. However, the proposed process likewise renders the 
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polymerization operation troublesome because it requires the use of two types of organic silicon com- 
pounds as the electron donor. 

Accordingly, a need continues to exist for a polymerization process which produces polyolefins with a 
broad molecular weight distribution at high levels of catalyst activity. 

SUMMARY OF THE INVENTION 

The present invention has been made in view of the foregoing disadvantages of the prior techniques 
while, as a result of our study directed to development of a process for preparing polyolefins with broad 
molecular-weight distribution which is capable of simplified operation while permitting the catalyst to exhibit 
a high activity and providing a polymer with high stereoregularity and crystallinity, taking advantage of the 
fact that use of a specified organic silicon compound during the polymerization effectively eliminates the 
above described disadvantages of prior procedures. 

Accordingly, it is an object of the present invention to provide a process for preparing polyolefins with a 
75 broad molecular-weight distribution. 

It is another object of the present invention to provide a process for preparing polyolefins which is 
capable of highly simplified operating procedures. 

It is a further object of the present invention to provide a process for preparing polyolefins which is 
capable of ensuring increased polymerization activity. 

It is still another object of the present invention to provide a process for preparing polyolefins with hioh 
stereoregularity and crystallinity. 

In accordance with the present invention, a process for preparing polyolefins with a broad molecular- 
weight distribution is provided. The process comprises the steps of subjecting olefins to polymerization or 
coporymenzation in the presence of a catalyst comprising a solid catalyst component (A) primarily 
consisting of titanium halide, a magnesium compound and an electron donor compound; (B) an organic 
aluminum compound; and (C) an organic silicon compound, wherein the organic silicon compound (C) is 
represented by the following general formula: 
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SKCcHnMORfe 

wherein CgHh is a cyclohexyl group and R is an alkyl group having 1 to 5 carbon atoms. 
DETAILED DESCRIPTION OF THE INVENTION 

In the process for preparing polyolefins with a broad molecular-weight distribution according to the 
present invention, olefins are subject to polymerization or copolymerization in the presence of a catalyst 
comprising a solid catalyst component (A) mainly consisting of titanium haiides, a magnesium compound 
and an electron donor compound; (B) an organic aluminum compound; and (C) an organic silicon 
compound, wherein the organic silicon compound (C) is represented by the following general formula: 

SKCeHnMORfe 
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wherein CbHh is a cyclohexyl group and R is an alkyl group having 1 to 5 carbon atoms. 

The magnesium compound used in preparation of the solid catalyst component (A) is preferably 
dialkoxy magnesium including diethoxy magnesium, di-n-butoxy magnesium, diphenoxy magnesium, di-n- 
propoxy magnesium, di-sec-butoxy magnesium, di-tert-butoxy magnesium, diisopropoxy magnesium and 
the like. Diethoxy magnesium is most preferred. 

In the preparation of the solid component (A) an aromatic hydrocarbon liquid at a normal (room) 
temperature is used as a solvent/suspension media. The preferred aromatic compound is selected from 
so toluene, xylene, ethyl benzene, propylbenzen, trimethyl benzene and the like. 

The electron donor used to prepare the solid catalyst component (A) is preferably an ester of aromatic 
carboxylic acid selected from a monoester of an aromatic carboxylic acid such as ethyl tolulate ethyl 
anisate. ethyl benzoate, methyl benzoate or the like and a diester of aromatic carboxylic acid including 
dimethyl phthalate, diethyl phthaiate, diisopropyl phthalate, di-n-butyl phthalate, diisobutyl phthalate di-n- 
amyl phthalate, diisoamyl phthalate, ethyl-n-butyl phthalate, ethylisobutyl phthalate, ethyl-n-propyl phthalate 
diisooctyl phthalate, diisodecyl phthalate, diisopentyl phthalate, di-n-octyl phthalate, diisoheptyl phthalate or 
the like. Of the aromatic carboxyl esters, the diester of phthallc acid are preferred. Phthalic acid diesters 
having alkyl groups with 4 carbon atoms or less including diethyl phthalate, dimethyl phthalate, dibutyl 
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phthalate, dipropyl phthaJate and the like and diesters of phthalic acid having alkyl groups wHh 5 carbon 
atoms or more including diisooctyl phthalate. diisodecyl phthalate, diisopentyl phthalate. di-n-octyl phthalate 
diisoheptyl phthaJate and the like are particularly preferred. 

As the solid catalyst component (A) may be used any suitable material so long as it contains a titanium 
s nal.de. magnesium compound and electron donor. The solid catalyst component (A) may be prepared bv 
using magnesium dichloride as the starting material and treating it together with titanium halide and the 
electron donor by grinding, dissolution and precipitation, spray drying, or the like. Alternatively. H may be 
prepared by using a dialkoxy magnesium as the starling material and contacting it with the titanium halide 
ana electron donor. 

n More particularly, the solid catalyst component (A) may be prepared by forming a suspension of 
d-alkoxy magnesium and aromatic hydrocarbon which is liquid at a normal temperature; adding titanium 
tetrachlonde at a volume ratio of 1/2 or less to the aromatic hydrocarbon and an aromatic ester, preferably a 
phthalic acid diester. to the suspension to carry out a reaction therebetween at a temperature of from 80-C 
to 130 -C to obtain a solid material; washing the solid material with aromatic hydrocarbon; and in the 
JTT" « 8 Tf„ C h »*« rton «•** * at a norma, temperature adding titanium tetrachloride at a 
1 11 of 1/2 or less to the aromatic hydrocarbon to the solid material to carry out reaction 

8 temperature a from °°' C to 130 ' c - to obtain the solid catalyst component (A). 
Alternatively the preparation may be carried out by preparing a mixture solution of aromatic hydrocarbon 
which is liquid at a normal temperature and titanium tetrachloride at a volume ratio of 1 or less- addina a 
X ^TZ 0 '!- * S !?! riCal VT* ma 9 nesium - aroma8c hydrocarbon which is liquid at a normal temperature 

^ r J° m somon to «"» 0lrt "*cti°« therebetween at a temperature of from 80'C 
to 125 C. to thereby obtain a reaction product; washing the reaction product with aromatic hydrocarbon- 

H? m ! T"? aromatiC h ^ ocaibon *»** is at a normal temperature adding titanium 
tetrachlonde at a volume ratio of 1 or less to the aromatic hydrocarbon to the reaction product to carry out 

as reaction therebetween at a temperature of from 80-C to 125-C. The preparation may be also carried out 
by suspending dialkoxy magnesium in aromatic hydrocarbon to obtain a suspension; contacting the 
suspension wrth trtanium tetrachloride at a volume ratio of 1 or less to aromatic hydrocarbon to obtain a 
reaction product; adding phthaloyl dichloride to the reaction product at a temperature of from 80-C to 

«. jLi??r "I' 6301 ? tnerebe,ween ' ,0 ^oy obtain a solid material; washing the solid material with 

% T* 0 ?'' **' ,BaC,in9 S0,id material in *"» presence °» "™* hydrocarbon with titanium 
te^hloride at a volume ratio of 1 or less to the aromatic hydrocarbon therebetween at a temperature of 

EULJiS £ f 8 *" 0 ,0 Preparafon ° f ** *** ^PO" 6 "' W- solid catalyst 

T>J* al8 ° |WpWd by repeafinfl or ,our fime8 «• P roc edure comprising the steps 
of suspending dialkoxy magnesium in aromatic hydrocarbon to obtain a suspension; contacting the 

S^STT "£*T 81 8 V ° ,Ume raB0 01 1 or 1988 to *• aromatic hydrocaZ7oln a 
wcbon product; adding phthaloyl dichloride to the reaction product at a temperature of from 80-C to 
125 C to cany out reaction therebetween, to thereby obtain a solid material; washing the solid material with 
T^'' ^ 8Cfi : 9 "X*™*** in «» P^oe of aromatic hydrocarbon with titanium 
fl™ ISSl 1 " leSS 10 * e - ar ° matiC h y drocarb0 " therebetween at a temperature of 
H 6 " * e 8 ° ld C8t8lySt componBnt (A) 08 prepared b * Arming a suspension 
w tt f£LTTV nd - hydr0Ca,bOn ' iqUid 81 n0rn,a ' tempera,ure: oo^cting L suspension ■ 

^ 8 8 ^J Jhtha,iC ^ dieSter havin ° alkyl « rou P s «W 4 carbon atoms to the 
STlrt a . ,empar f ,Ure °' ^ W inCrea8in 9 temperature of the suspension; adding phthalic 
ac,d ** having alkyl groups wrth 5 carbon atoms or more to the suspension at a temperature of from 
90 C to 110 C; further increasing the temperature of the reaction system to carry out reaction of the 

vSTSJZT'T" ** *? "' C 10 13 °* C 10 yi6,d 8 «* com P° siti0 " : «-*B the compo ition 
^^!S^TVT 8dd,n9 , titanium ,etrachtoride to the composition in the presence of aromatic 
Jl^ ^ t W** 8 n0rmal tempera,ure to carry out reaction therebetween at a temperature of 
from 80 C to 130'C. leading to production of the solid catalyst component (A). The above-described 
processes for preparation of. the solid catalyst component (A) each are merely an example, therefore ihe 
present invention is not limited to these processes. 

W J?*,?^ ^ T f°r P ° Und (B) USOd in P re8ent invention includes Wa,k y | aluminum such as 
toothy aluminum, tnisobutyl alummum or the like; alkyl aluminum halide such as diethyl aluminum chloride 
ethyl aluminum sesquichloride or the like; and any combination or mixture thereof 
formula* COmP ° Und (C) USed in ** presem invenfon is presented by the following general 

SKCeHnMORk 
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wherein CsH,, is an cyclohexyl group and R is an alkyl group having 1 to 5 carbon atoms. More 
specrfically it .s any one selected from the group consisting of dicyclohexyldim thoxy silane, dicyclohexyl- 
diethoxy silane. dicydohexyldipropoxy silane, dicyclohexyldibutoxy silane. and the like. Dicyclohexyl- 

5 dimethoxy silane is preferably used for this purpose. ' y 

Ratios among the components (A) to (C) used are not limited to any specific values so long as they do 
not detenorate the advantages of the present invention. In general, the organic aluminum component (B) is 
used at a molar ratio of 5 to 1000 to the titanium atom content of the catalyst component (A) and toe 

^ organic silicon compound {C> is used at a molar ratio of 0.002 to 0.5 to the organic aluminum component 

The polymerization may be carried out in the presence of or absence of an organic solvent The olefin 
monomer used I may be in the form of either gas or liquid. The temperature for the polymerization is 

SSSS? S °! 8nd Pr6ferab,y 10 °' C ° r M0W - ^ pressure for ** Po'ynerization is generally 
lOOkg/crtfG or below and preferably 50kg/cm*G or below. 

Olefins which are subject to homopolymerization or copolymerization according to the present invention 
are preferably alpha olefins including ethylene, propylene. 1-butene, 4-methyl-l-pentene and the like 

In accordance with the present invention, only any one of the above-specified materials included in the 
organic silicon compound (C) is selected, so that polyolefins which have a broad molecular weight 
Astnbuton sufficient to permit a numerical value obtained by dividing a weight-average molecular weight 
m by a number-average molecular weight (TOn) to be improved by 2 or more while keeping yields of a 
stereoregular polymer at a high level, as compared with pofyolefins prepared according to the conventional 
process known in the art may be obtained with high yields. 

Now. the present invention will be understood more readily with reference to the following examples 
and comparative examples, however, these are intended to illustrate the invention and are not to be 
as construed to limit the scope of the invention. 

Example 1 
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(Preparation of Solid Catalyst Component (A)) 

A round flask having an internal volume of 500ml and equipped with a stirrer was flushed with nitrogen 

?f ' ^1^. ~ Chai9ed With 109 0< diethoxy ""One*™ and 80ml of toluene to form a suspension 
Then. 20m of TiCU was added to the suspension, the temperature was then gradually raised to 60 'C 

i? 8 ?; y ' pWhalate was added to *" «"P«»«on. temperature was then gradually increased to 

110 C. Subsequently, 2.5ml of diisooctyl phthalate was added to the suspension, which was further heated 
to a temperature of 112-C. A period of time as long as about 1.5 hours was required for heating the 
suspension to this temperature. Then, the temperature of the suspension was kept at 112-C, during which 
the suspension was reacted with the diethyl phthalate and diisooctyl phthalate for 1.5 hours, resulting in 

f , Pr0dUCi AftSr 1,16 reacBon was complet9d m taction product was washed twice with 
100ml I of toluene (per wash) at 90-C and 20ml of TiCU and 80ml of toluene were added to the reaction 
product which was then heated to 100-C. to thereby carry out reaction therebetween for 2 hours while 
stimng. After the reaction, the resultant product was washed with 100ml of n-heptane at 40- C 10 times 
resulting in a solid catalyst component being obtained. Solid and liquid materials in the solid catalyst 
component were separated from each other and then the solid material was subject to Ti analysis The solid 
« catalyst component contained 3.05% by weight of Ti. 

(Preparation of Polymerization Catalyst and Polymerization) 

An autoclave having an internal volume of 2.0 liters and equipped with a stirrer was flushed with 
so nitrogen gas The autoclave was charged with 1.32mmol of Methyl aluminum, 0.13mmol of dicyclohexyl. 
dimethoxy silane and 0.0066mmol of the solid catalyst component based on a Ti atom, to thereby prepare a 
polymenzation catalyst Then, the autoclave was charged with 1.8 liters of hydrogen gas and 1 4 liters of 
liquified propylene and the polymerization reaction performed for 30 minute at 70 -C, resulting in a polymer 
of a weight (A) being produced. The resultant polymer was subject to extraction for 6 hours using boiling n- 
55 heptane to obtain a polymer of a weight (B) insoluble in n-heptane. 

The polymerization activity (C) per gram of the solid catalyst component used is represented by the 
following expression: y 
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(C) = (A)(gyamount of solid catalyst component (g) 

A yield (D) of a total crystalline polymer is represented by the following expression: 
5 (D) e (B)/(A) x 100 (%) 

^mtSZ^^ZZ"*" " ™* " " •»-•» p— 

ro Example 2 

(Preparation of Solid Catalyst Component) 



?5 



20 



«* CI!?! ? 80 I" 16 " 13 ' V0 ' Ume 01 500ml •* equipped with a *« ""Shed with nitrogen 
^nsmn. Then 20ml of TOV was .added to the suspension, which was then heated to a temperature of 
SU£JTTi£??t ^ PMha,ate W8S 8dded to * e suspension, the temperature was then 
SI "Z C l Ca " y 0Ut reaCti0n thereb8,Ween fo ' 2 ^ stirring, resuted in a solid ^ 
product After me reaction was completed, the reaction product was washed wtth lOOml of toluene Sc 

mT«o 522 2* an J of t0,uene wre added to *• reaction **? 1 iThe S te 

product was washed with 100ml of n-heptane at 40' C 10 times, resulting in a solid catalyst component 
« ^ ^ materia,S ^ •* ^ ""W *- separated fromrh oS 
« SaStStSSJS "*■» 10 71 -** — ™»« « - - -ponent 

(Preparation of Polymerizing Catalyst and Polymerization) 

» in mT!h^ Ure ^f <amPle 1 W3S repeated except me 80,1(1 catalyst component prepared according 
so to the above«escnbed procedure in Example 2 was used. The results are shown in Table 1 

Example 3 
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(Preparation of Solid Catalyst Component) 

1 liter stainless steel vibration mill was flushed with nitrogen gas and charged with 100a of maonesium 

TZ«2^ 122? TV* were subj9Cl 10 9rindin9 ,w 20 ho - ^" = 

ZmTX ^ 6 80(1 9nnd,n9 was *"* h * carried <»* *» 3 hours, to thereby obtain a 

ground product. To the ground product. 1030ml of toluene and 46ml of toluene solution in which 6 2 of 
polystyrene was dissolved were mixed together with stirring, to thereby form TSure ^J2L2 
-J" * ^ay drying using a CL-8 Type pin-Jpe disc atLlzTto obS a Z £2 
10g of the dned product is charged together with 100ml of TiCU into a round flask eouiooad w«h TSZ 

^JtEXfzr °r to : om a suspension - Then - the ^^Z^z 

100 C. and held at that temperature for two hours to obtain a reaction product After the reaction Z 

T^lrTol^ 10 90,0 " d *" SUpem8tent ,iquid was re ™« d SmS 

Thereafter, 100ml of TiCU was added to the reaction system, which was gradually heated to 100 -C the 

r40%To £?J T t0 *!f 8 ^ ^ ^ *<* ,he " wLh^°i 1 l, C o n! 
SmTnem 1 lio^TwligT 3 ^ C " nP ° nent ^ ^ * * h * 8 « id 

(Preparation of Polymerization Catalyst and Polymerization) 

The polymerization procedure described in Example 1 was repeated usinq the solid catalvst rnmnnnont 
prepared in accordance with Example 3. The results were shown in Tabte 7 * ^ 
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Example 4 

(Preparation of Solid Catalyst component) 

irtiSlU'Jf .T^ff ° n W3S fluShed " Bh nitr0flen 9 as 30(1 char 9 ed 30g of magnesium 
dichloride and 7.7ml of diethyl phthalate. which were then subject to grinding for 17 hours, to mereby obZ 

IS? 1 h"" ? * flr0Und Pr0duct 80ml * toluene - 2 <™ - TO* *ere ch2 into a 

round flask equipped wrth a stirrer previously flushed with nitrogen and then gradually hS to a 

SfSLu L aLV mat9ri8,S were 8ubjec « to * 2 hlTfbtain a 

reaction product. After the react.cn, the product was washed with 100ml of n-heptane at 40'C ten «mes to 
obtan a sohd cate.yst component. The content of Ti in the resultant catalyst Lponer* « 

(Preparation of Polymerization Catalyst and Polymerization) 
Example 5 

(Preparation of Solid Catalyst Component) 

oas A 7 IT?" aSk h3 T 9 V0 ' Ume °' 500ml and «» a st^rer was flushed with nitrogen 

ga* The ftask was then charged with 30ml of toluene and 20ml of TiCU. to thereby obtain a mixture 

dT^.^iLr^Jrt rf 109 of sphericai die,ho ^ ma 9 nesi -- »»• <* isrid 5J3 

dKrtrtyl phthalate was added to the solution over 4 hours while the solution was kept at 20-C and the 

TSZ^JiSTZ * 90 ' c ' * "** temp6rature *• so,ution - subiect to 

JZ^L b8,n9 rtnBd ' J* a reacbon P roduct After completion of the reaction, the resultant 
reason product was washed wrth 100ml of boiling toluene twice and then 20ml of TiCU and SOmTo 
toluene were added to the reaction product to carry out reaction therebetween at 110'C for 2 hou^white 
be,ng shrred. resulting in a reaction product. Subsequently, the product was washe I £ aS?5 

22: ^eSr 9 to a - -** — - — * " r ~J 

w (Preparation of Polymerization CataJyst and Polymerization) 

«7 Example 6 

(Preparation of Solid Catalyst Component) 

«, A dS* h3Vi !l 9 a " l ntemal V0 ' Ume °' 50 ° m ' ^ ^PP^ ^ a stirrer was flushed with nitrogen 
gas. The flask was then charged with 10g of diethoxy magnesium and 60ml of toluene to fZ a 

°m- U - ,0 *• SUSPenSi0n ' WWCh W3S *" heated to SJiiS o 
jmt'tSS ?! P 7 d ' Chl0ride W3S a * l8d t0 the SUS P<™™- the temperature was then 
increased to 115'C to carry our reaction therebetween for 2 hours while stirring, resurtlng in a Ltion 
product. After completion of the reaction, the reaction product was washed with s£om* Tof tolu£J 

k2 .w ™ ^ tem P erature for 2 h ° u '* while stirring. After the reaction, the resulting product was 
washedw.th 200ml of n-heptane at 40-C 10 times, resuming in a solid catalyst ^SKSSkS 
The content of Ti in the resultant solid catalyst component was 3.59% by weight. 

65 (Preparation of Polymerization Catalyst and Polymerization) 
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Example 7 

(Preparation of Solid Catalyst Component) 

A round flask having an internal volume of 500ml and equipped with a stirrer was flushed with nitrogen 
gas. The flask was then charged with lOg of diethoxy magnesium and 60ml of toluene to form a 
suspension. Then, 40ml of TiCU was added to the suspension, which was then heated to a temperature of 
90 *C. Then, 2.0ml of phthaloyl dichloride was added to suspension, of which a temperature was then 
increased to 115* C to carry out reaction therebetween for 2 hours while stirring, resulting in a solid catalyst 
matenal. After completion of the reaction, the resultant material was washed with 200ml of toluene at a 
boiling temperature twice, and 60ml of toluene and 40ml of TiCU were added to the material which was 
then heated to 115- C, to thereby carry out reaction therebetween for 2 hours while stirring. This step was 
repeated three times, resulting in obtaining a reaction product. Thereafter, the reaction product was washed 
with 200ml of n-heptane at 40-C 10 times, resulting in a solid catalyst component being obtained A 
is content of Ti in the resultant solid catalyst component was 2.00% by weight. 

(Preparation of Polymerization Catalyst and Polymerization) 

The procedure described in Example 1 was repeated that the solid catalyst component described 
above was used in an amount of 0.0033mmol based on a Ti atom for preparation of a polymerization 
catalyst. The results were as shown in Table 1. 

Comparative Example 1 

The procedures described in Example 2 was substantially repeated except that dicyclohexyldimethoxy 
silane used for polymerization was replaced with phenyltriethoxy silane. The results were shown in Table 1. 

Comparative Example 2 

The procedure described in Example 2 was repeated except that dicyclohexyldimethoxy silane used for 
polymenzation was replaced with allyltriethoxy silane. The results were shown in Table 1. 

Comparative Example 3 

35 The procedure described in Example 4 was repeated except that dicyclohexyldimethoxy silane used for 
polymenzation was replaced with phenyltriethoxy silane. The results were shown in Table 1 . 

Comparative Example 4 

40 The procedure described in Example 6 was repeated except that dicyclohexyldimethoxy silane used for 
polymenzation was replaced with phenyltriethoxy silane. The results were shown in Table 1 . 

Comparative Example 5 

45 The procedure described on Example 7 was repeated except that dicyclohexyldimethoxy silane used 
for polymenzationwas replaced with phenyltriethoxy silane. The results were as shown in Table 1. 

Comparative Example 6 

so The procedure described in Example 1 was repeated except that dicyclohexyldimethoxy silane used for 
polymenzation was replaced by cyclohexylmethyldimethoxy silane. The results were shown in Table 2. 

Comparative Example 7 

55 The procedure described in Example 2 was repeated except that dicyclohexyldimethoxy silane used for 
polymenzation was replaced by cyclohexylmethyldimethoxy silane. The results were shown in Table 2. 
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Comparative Example 8 

Trie procedure described in Example 3 was repeated except that dicyclohexyldimethoxy sifane used for 
polymerization was replaced by cyclohexylmethyldimethoxy silane. The results were shown in Table 2. 

Comparative Example 9 

The procedure described in Example 4 was repeated except that dicyclohexyldimethoxy silane used for 
polymenzation was replaced by cyclohexylmethyldimethoxy silane. The results were shown in Table 2. 

Comparative Example 10 

The procedure described in Example 5 was repeated except that dicyclohexyldimethoxy silane used for 
polymenzation was replaced by cyclohexylmethyldimethoxy silane. The results were shown in Table 2. 

Comparative Example 11 

The procedure described in Example 6 was repeated except that dicyclohexyldimethoxy silane used for 
polymenzation was replaced by cyclohexylmethyldimethoxy silane. The results were shown in Table 2. 

Comparative Example 12 

The procedure described in Example 7 was repeated except that dicyclohexyldimethoxy silane used for 
polymenzation was replaced by cyclohexylmethyldimethoxy silane. The results were shown in Table 2 

As can be seen from the foregoing, polyolefins prepared according to the present invention have a 
molecular-weight distribution increased in value obtained by dividing a weight average molecular weight 
(Ww) by a number-average molecular weight (Mn) by at least 2 or more, as compared with polyolefins 
prepared by the pnor art, resulting in being effectively directed to a wide variety of applications 

Also, polyolefins prepared . by the present invention exhibit an increased polymerization activity based 
on a catalyst component and is increased in yield while being significantly improved in stereoregularity to 
thereby exhibit much industrial utility. » /• 

Such advantages of the present invention are accomplished by the process of the present invention for 
po ymenzing olefins in the presence of a catalyst of a high activity which does not employ multi-stage 
polymenzation method or the method using two types of organic silicon compounds as described above in 
connection with the prior art but uses only one selected from the organic silicon compounds specified by 
the general formula Si(CsH n )2(OR)2 wherein C*H n is a cyclohexyl group and R is an alkyl group havinq 1 
to 5 carbon atoms. * 

While the present invention has been described with a certain degree of particularity with reference to 
the examples, obvious modifications and variations are possible in light of the above teachings It is 
therefore to be understood that within the scope of the appended claims, the invention may be practiced 
otherwise than as specifically described, general formula SKCeHnMORfe wherein CtH u is a cyclohexyl 
group and R is an alkyl group having 1 to 5 carbon atoms. 

While the present invention has been described with a certain degree of particularity with reference to 
the examples, obvious modifications and variations are possible in light of the above teachings It is 
therefore to be understood that within the scope of the appended claims, the invention may be practiced 
otherwise than as specifically described. 
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40 Claims 

1. A process for preparing polyolefins with a broad molecular-weight distribution comprising the step of 
subjecting olefins to polymerization or copolymerization in the presence of a catalyst consistino 

essentially of a solid catalyst component (A); an organic aluminum compound (B); and an organic 
silicon compound (C); wherein: a 
Said organic silicon compound (C) has the formula: 

SKfeHuJzfORfc 

wherein CeH n is a cyclohexyl group and R is an alkyl group having 1 to 5 carbon atom. 

2. The process of Claim 1, wherein said solid catalyst component (A) comprises titanium tetrachloride 
magnesium dichloride and aromatic carboxylic acid ester. 

65 a The process of Claim 1, wherein said solid catalyst component (A) comprises titanium tetrachloride 
dialkoxy magnesium and aromatic dicarboxylic acid diester. 
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4. The process of Claim 1 or 3. wherein said solid catalyst component (A) is prepared according to the 
procedure comprising the steps ot 

preparing a suspension of dialkoxy magnesium and aromatic hydrocarbon which is liquid at a 
normal temperature; 

adding titanium tetrachloride at a volume ratio of 1/2 or less to said aromatic hydrocarbon and 

Tr l^.fT"!? *** s " spenSi0 " 10 ^ 0Ut reaction tt,eret ^«" « a temperature of from 
80 C to 130-C, to obtain a solid material; 

washing said solid material with aromatic hydrocarbon; and 

. ^ , lf iQ J"T nCe . 0< af0ma1iC h y drocarbon * Kquid « a normal temperature adding titanium 
tefrachlonde at a volume ratio or 1/2 or less to said aromatic hydrocarbon to said solid material to carry 
out reaction therebetween at a temperature of from 80'C to 130-C. to thereby obtain said solid 
catalyst component (A). * " w " n 

5. The process of Claim 1. wherein said catalyst component (A) is prepared according to a procedure 
comprising the steps of: 

preparing a suspension by suspending dialkoxy magnesium in aromatic hydrocarbon which is 

liquid at a normal temperature; 

contacting the suspension with titanium tetrachloride at a volume ratio of 1 or less to said aromatic 

hydrocarbon to carry out reaction therebetween to obtain a reaction product- 
adding phthaloyl dichloride to the reaction product at a temperature of from 80'C to 125'C to 

obtain a solid material; 

washing the solid material with aromatic hydrocarbon; and 

reacting said solid material in the presence of aromatic hydrocarbon with titanium tetrachloride at a 
volume ratio of 1 or less to the aromatic hydrocarbon therebetween at a temperature of from 80-C to 
125 C, to thereby obtain said solid catalyst component (A). 

6. The process of Claim 1. wherein said catalyst component (A) is prepared according to a procedure 
comprising the steps of: 

preparing a suspension by suspending dialkoxy magnesium in aromatic hydrocarbon- 

contacting the suspension with titanium tetrachloride at a volume ratio of 1 or less to said aromatic 

hydrocarbon to carry out reaction therebetween at a temperature of from 80-C to 125-C, to obtain a 

reaction product; 

adding phthaloyl dichloride to the reaction product material; 
washing the solid material with aromatic hydrocarbon; and 

reacting said solid material in the presence of aromatic hydrocarbon with titanium tetrachloride at a 
volume ratio of 1 or less to the aromatic hydrocarbon therebetween at a temperature of from 80-C to 
ids O two to four times, to obtain said solid catalyst component (A). 

? " ll^^SS*"* ^ <A) fe PrSPared "*"*» 10 a 

preparing a suspension of dialkoxy magnesium and aromatic hydrocarbon which is liquid at a ' 
normal temperature; M 
contacting the suspension with titanium tetrachloride; 

adding phthalic acid diester having alkyl groups with 4 carbon atoms or less to the suspension at a 
temperature of 90-C or below increasing a temperature of the suspension and adding phthalic acid 

i% to iTc gr ° UP$ "* 5 ca ' bon at ° ms ° r more 10 the susp8nsion 31 3 "W**™ °' fr°"> 

further increasing the temperature of the suspension to carry out reaction of the suspension at a 

temperature of from 90 -010 130-0. resulting in a solid composition being produced- 
washing the solid composition with aromatic hydrocarbon; and 

adding titanium tetrachloride to the composition in the presence of aromatic hydrocarbon which is 
T V, 3 temperature to carry out reaction therebetween at a temperature of from 80-C to 
130 'C. leading to production of said solid catalyst component. 

The process of Claim 1 or 3. wherein said catalyst component (A) is prepared according to a procedure 
compnsing the steps of: 

preparing a i mbcture solution of aromatic hydrocarbon which is liquid at a normal temperature and 
titanium tetrachlonde at a volume ratio of 1 or less to the aromatic hydrocarbon; 
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adding a suspension of spherical diethoxy magnesium, aromatic hydrocarbon which is liouid at a 
normal temperature and phthalic acid diester to said solution to carry out reacfion ftrobtZn « a 
temperature of from 80'C to 125'C, to thereby obtain a reaction product m8ret **«»" * a 

washing said reaction product with aromatic hydrocarbon; and 
tJZJtXZT**!* MC hydrocart >° n which is * a normal temperature adding titanium 

* SLCJll"" * aaims 1 ,0 * *" "** silicon compound (C) fe 

10. The process of Claim 1. wherein the molecular weight distribution obtained by dividino a weioht 
average molecular weight (Rw) by a number-average molecuter weight <Hn) is 6 o/more 9 
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